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t-H '■ ABSTRACT 

J> ' We have conducted a photometric study of late-type members of the TW Hydrae 

C , association (TWA) and measured the rotation periods for 16 stars in 12 systems. For 

TWA stars listed by Webb et al. and Sterzik et al. (TWA 1 - 13; led by TW Hya = 
TWA 1) we find a median period of 4.7 d. However, for stars that we measured in 
the TWA 14 — 19 group identified by Zuckerman et al., we find a median period of 
only 0.7 d. The period distributions of the two groups cannot be reconciled at the 3-a 
\ significance level. Using photometric arguments supported by the Hipparcos distance 

to HD 102458 (= TWA 19A), we find that TWA 14 - 19 reside at an average distance 
*-£h ■ of d ~ 90 pc, spatially at the near boundary of the Lower Centaurus-Crux (LCC) 

subgroup of the Ophiuchus-Scorpius-Centaurus OB-star association (OSCA). Proper 
Q ■ motions for HD 102458, TWA 14, 18 and 19B link these stars to the LCC subgroup. 

| From Hertzsprung-Russell (H-R) diagram placement, we derive an age of ss 17 Myr for 

c/3 . the HD 102458 system that may be the representative age for the TWA 14 — 19 group. 

Merging various lines of evidence, we conclude that these stars form a spatially- and 
\ rotationally-distinct population of older pre-main sequence (PMS) stars, rather than 

• *h . being an extension of the TWA beyond those stars associated with TW Hya that have 

y\ ' an age of ~ 10 Myr and reside at d w 55 pc. Instead, TWA 14 — 19 likely represent 

the population of low-mass stars still physically associated with the LCC subgroup. 

Key words: stars: pre-main sequence — stars: rotation — stars: activity — open 
clusters and associations: individual: TW Hydrae 
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1 INTRODUCTION 

The TWA remains one of the most extensively studied PMS 
populations, owing to the novelty of the association's name- 
sake; TW Hydrae is a classical T Tauri (CTT) star r emote 
from the nearest sites of star formation jHerbiel ll978). The 
proximity of the association to Earth and the brightness of 
its component stars and brown dwarfs enables high sensi- 
tivity spatial, photometric and spectroscopic study at all 
wavelength regimes, e.g. the V = 10.8 TW Hya has an Hip- 
parcos distance of d = 56 pc. The TWA is also at the as- 
trophysically important age of t ~ 10 Myr , comparable to 
the t i mescales for the end of disc accre tion iMuzerolle et alJ 
l2000l: lLawson. Lvo fc Muzerolld 120(3) . and the dissipation 
of circumstellar discs and the incorporation of disc material 
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into planetisimals. Disc dissipation is also believed to be re- 
lated to the angular momentum evolution of PMS stars as 
they 'unlock' from their discs at the end of the accretion 
phase and spin up as they evolve down their Hayashi tracks; 
for a recent study, see Rebull, Wolff & Strom (2004). 

The history of the discovery of o ther T Tauri stars i n the 
region of TW Hya is documented bv lWebb et al] il999T> who 
defined the TWA as including 11 star systems containing at 
least 19 stars and one brown dwarf spanning spectral types 
of AO to M8.5. From X-ray and kinematic study, surveys 
have since added other stars purported to be TWA mem- 
bers (Sterzik et al. 1999; Zuckerman et al. 2001a; Reid 2003; 
Song, Zuckerman & Bessell 2003), bringing the TWA mem- 
bership to 25 systems, despite speculation as to whether all 
of t hese T Tauri systems truly form a p hysical association ; 
e.g. lJensen. Cohen fc Neuhauserl Jl99g|) : ISong et alJ fcOOSlh 

By back-tracking space motions for some of the brighter 
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TWA stars with accurate distances and kinematics, the 
TWA appears to be an outlying population of the LCC 
(or perhaps the Upper Centaurus-Lupus) subgroup of the 
OSCA, possibly formed within small molecular clouds that 
were collected by expanding supernova bubbles ~ 10 Myr 
ago (Mamajek, Lawson & Feigelson 2000; Mamajek, Meyer 
& Liebert 2002). The TWA is one of several nearby PMS 
groups of similar age (5 — 12 Myr), but ^10 Myr younge r 
than the OSCA OB-star subgroups ijMamaiek et alJl2002^ . 
that are thought of as dispersed groups of OSCA origin. 
Other outlying populations include the r\ Cha (Mamajek, 
Lawson & Feigelson 1999) and e Cha clusters (Feigelson, 
Lawson fc Garmire 200 3) and the 8 Pic moving group 
JZuckerman et al]l20ofbh . 

Whatever the concern over the homogeneity or origin 
of the TWA, there is intense interest in this group of nearby 
T Tauri stars. However the available suite of fundamental 
information on TWA members is still incomplete. Within 
a study based on published rotational information for th e 
stellar populations of young clusters bv lRebull etafl J2004) . 
a notable omission was the lack of rotation periods for mem- 
bers of the TWA, except for TW Hya itself. In this paper 
we in-part remedy this situation with the measurement of 
rotation periods for 16 TWA stars in 12 TWA systems, the 
outcome of a multi-epoch multi-colour photometric survey 
of many of the TWA systems. 



2 OBSERVATIONS AND DATA REDUCTION 

An initial trial of multi-epoch U-band observation s for 
many of the TWA stars listed by IWebb et all (Il999l) and 
ISterzik et all <1999h was made using the 1-m telescope and 
lk x lk SITe charge-coupled device (CCD) at the Suther- 
land fieldstation of the South African Astronomical Obser- 
vatory (SAAO) over 3 weeks of observing time during 2000 
February and March. The acquisition of these observations 
was secondary to a programme to measure rotation peri- 
ods f or stars of the r\ Chamaeleontis cluster jLawson et alJ 
l200ll) and for that reason only ~ 15 measurements were 
obtained for each TWA star, an insufficient number for a 
definitive evaluation of the rotation periods in many cases. 
To address this outcome, a 2-week observing run from 2001 
May 1 — 14 using the same instrumentation was dedicated to 
the TW A stars, including s everal additional members iden- 
tified bv lZuckerman et alJ i2001al) . For most of the run the 
weather was ideal for differential photometry, with observa- 
tions being obtained on 11 nights of which the final 9 were 
consecutive. 

All of the TWA stars observed were measured at the V- 
and Cousins /-bands, with 3 stars (TWA 1 = TW Hya, TWA 
6 and TWA 12) also observed at _B-band based upon the pre- 
liminary 2000 results that suggested either an irregular light 
curve (TW Hya) or high-amplitude light curves (TWA 6 and 
12). For most of the stars, 2 — 4 observations were made each 
night to reduce the 1-day aliasing errors in the light curve 
analysis that might be introduced from the single-site obser- 
vations. Most stars were observed on » 30 occasions, while 
TW Hya was observed ~ 40 times, and TWA 6 was observed 
R3 70 times. Not all TWA stars were observed; several were 
too bright for the 1-m telescope and/or resided in sparse 
fields without suitable comparison stars within the small (5.3 



arcmin) field-of-view of the CCD, or they consisted of binary 
systems with arcsec-level separations that were unresolved 
in the 1 — 2 arcsec seeing conditions typi cal for the observin g 
run. Based o n the m emb ership lists of [We bb et al.l (1999), 
ISterzik et all Jl999h and IZuckerman et alJ J2001alh we did 
not observe TWA 4AB, 11AB and 19AB. Of the 24 stars 
we did observe (this number includes companions), several 
fields had data of poor quality owing to the same problems 
that we identified above. These were TWA 2AB, 3AB, 5AB 
an d 16AB. Thus of th e 30 stars in 19 TWA systems listed 
bv lWebb etafl dl999[) ISterzik et all dl999l) (TWA 1 - 13) 
and lZuckerman et al.N2001a|) ("TWA 14 — 19), we analyzed 
the light curves for 16 stars in 12 systems 1 . 

The production of the differential light curves for 
the TWA stars and their subsequent analysis using the 
Lomb-Scargle Fouri er method follows that described by 
lLawson et al.l i200ll) for their analysis of photometry of the 
late-type stars of the rj Cha cluster using the same tele- 
scope and instrumentation. For the TWA stars, with VI or 
BVI multi-colour light curves available for study, we con- 
centrated our analysis on the V-band datasets which had 
superior signal-to-noise (S/N) ratio compared to the data 
obtained at the other photometric bands. However, we still 
repeated the analysis for the B- and /-band datasets, to 
confirm the period derived from the U-band datasets and to 
produce amplitudes for all of the observed colours. We list 
in Table^the periods P derived from the V-band datasets, 
the BVI amplitudes derived from the analysis of the indi- 
vidual colour curves (we list the peak-to-peak amplitude of 
the most-significant periodicity), and the S/N ratio of the 
1^-band periodicity based upon measurement of the noise 
level in the Fourier spectrum following pre- whitening of the 
original datasets. In Fig. we show two examples of our 
datasets: the BVI light curves for TW Hya and TWA 12. 
Both stars are clearly variable, with a periodicity of ~ 3 
d duration being visible in the TWA 12 light curves. These 
light curves also serve to demonstrate the temporal coverage 
achieved during our survey. Most of the TWA stars were ob- 
served on as many epochs as TWA 12 (« 30), and only one 
star (TWA 6) was observed more often than the examples 
shown here. 

We can address the reliability of our measured peri- 
ods for the TWA stars in several ways. First, we appeal 
to our study of rota tion periods in the rj Cha star cluster. 
lLawson et al.l i200ll) observed these stars during 3 week ob- 
serving runs in both 1999 and 2000, and found excellent 
agreement in the periods across the 2 observing seasons. 
Our measurements of the TWA stars were made at a higher 
frequency than the rj Cha stars which will reduce the risk of 
aliasing errors, thus we are confident about the periods listed 
for the TWA stars in Tabled Secondly, the period of 2.80 d 
measured for TW Hya (see Section 3.1 for more details of the 
analysis of the TW Hya light curve) agrees well with values 
of P = 2.88 d dete rmined from Hipparcos photometry by 
iKoen fc Everl <2002l) and P = 2.85 d d etermined from Hfl 
veiling-corrected equivalent widths by lAlencar fc Batalhal 



1 The TWA has been ex panded since our survey to include the 
star denoted TWA 20 b y|Reid| l2003|) for which membership of 
the TWA is disputed by ISong et alJ (2003 ) , and 5 stars (denote d 
TWA 21-25) announced as TWA members bv lSong et all i2003ft . 
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Table 1. Rotation periods and amplitudes for TWA stars. 



Period AS AV AI S/N 
Star (d) (mag) (mag) (mag) ratio 

3 

30 
6 
3 
5 
6 
5 
V 

10 

5 

1.3 
25 
12 
8 
15 
13 



(2002). TW Hya is the only TWA star with a previously 
published period. We also note that TW Hya is a classical 
T Tauri (CTT) st ar with ongoing mass accretion from its 
circumstellar disk l|Muzerolle et al.ll200fl) . Thus rotational 
variability in TW Hya is likely to be modulated by accre- 
tion hotspots rather than cool starspot activity, and stochas- 
tic variations in the light curve owing to variable accretion 
and flaring activity might translate into differences in the 
measured period. The other TWA stars that we observed 
are non-accreting T Tauri stars and their light curves will 
not be similarly affected. Third, in Fig. [5] we compare our 
periods to another rotational measure; projected rotational 
velocities vsin i for t he TW A stars taken mostly from the 
compilation of iReidl <l2003l) exc ept for TW Hya, for whic h 
we adopt vsini = 5 kms -1 from lAlencar fc Batalhal |2002). 
Reassuringly, Fig. contains no unpleasant surprises, i.e. 
there are no stars that have the unphysical combination of 
long periods and high v sin i values. Most of the stars are 
located within a narrow band between P — v sin i relations 
for a rotating M = 1 Mq, R = 1 R© star seen at inclination 
angles i = 10°, 30° and 90°. According to the PMS evolu- 
tionary tracks of Siess, Dufour & Forestini (2000) these are 
roughly appropriate values for mass and radius for a late 
K-type PMS star of age ~ 10 Myr. For simplicity when cal- 
culating the relations, we assumed solid body rotation. With 
the exception of TWA 8B, a low-mass star of spectral type 
M5, all of the TWA stars plotted in Fig. H o ccupy a lim- 
ited range of spectral types from K5 - M2.5 iReidl [2003). 
Thus the comparison shown in Fig. [5] is reasonable. As a 
further test, for TW Hya (indicated in Fig. H by its TWA 
number of '1') that has a spectral type of K7, we derive an 
inclination angle i ~ 16°, in agreement with the value of 
i = 18 ± 1 0° determined from an an alysis of emission line 
profiles bv lAlencar fc Batalhal J2002I) . 



3 ANALYSIS OF THE LIGHT CURVES 

In describing in detail the photometric behaviour of the 
TWA stars, we consider two groups of TW A members: 
the compliation of members (TWA 1 — 13) by 1 Webb et alJ 



lll999l) and lSterzik et alJ il999l), and t he seve ral stars (TWA 
14 - 19) added bv lZuckerman et"ail feOOlaTl . We have two 
important reasons for doing so. First, these two groups ap- 
pear to be spatially sep arate. While the TW A stars listed by 
IWebb et al]Jl999l) and lSterzik et al.l dl999l) are distributed 
across an area > 200 deg 2 , most of the stars appear roughly 
proximate to TW Hya (galactic coordinates I, b = 273°, 
23°). Three of the four members of the original association 
with Hipparcos parallaxes, TW Hya, TWA 4A and TWA 
9A, are located at very similar distances of d = 56^g pc, 
47tg pc and 50±5 pc, respectively. The fourth star, HR 4796 
(= TWA 11A), appears at £, b = 300°, 23° and lies at the 
greater distance of d — 67I3 pc. 

Th e six TWA systems announced bv lZuckerman et alJ 
(2001a) are centred at £, b ~ 300°, 15° and contain the 
star TWA 19A (= HD 102458) with an Hipparcos distance 
of d = 104^5J pc. The re lative proximity of these stars to 
HR 4796 (on the sky) lead lZuckerman et alJ (2001a) to con- 
sider them 'near HR 4796' but if they, as a group, have 
distances comparable to TWA 19A then they lie consider- 
ably 'beyond' HR 4796. They also have optical photometry 
that is fainter than most of the TWA stars 'near' TW Hya 
of similar spectra type, consistent with them having a dis- 
tance > 70 pc. (We elaborate and quantify this point in 
Section 4.2.) The claimed three-dimensional extent of the 
TWA is thus immense; HR 4796 lies as 20° to the east of 
TW Hya and is « 10 pc more-distant, while TWA 19A lies 
~ 20° to the south of TW Hya and is ~ 50 pc more-distant 2 . 
ISong. Bessell fc Zuckermanl J2002T) have even questioned the 
TWA membership of the TWA 19AB binary. While they are 
clearly young stars owing to the detection of strong A6707 
Li I absorpti on and chromospheric a ctivity in both TWA 
19 A and 19B JZuckerman et al.l2001ah . the location of TWA 
19A appears to place it within the LCC subgroup of the 
OSCA. LCC subgroup stars with Hipparcos distances have 
an average distance of » 1 2 pc (range of 95 — 170 pc); see 
table 4 of iMamaiek et alJ <l2002l) for details. Fig. El shows 
TWA 19A (and the entire TWA 14 - 19 group) superim- 
posed on the confines of the LCC subgroup. The placement 
of TWA 19A within the LCC subgroup would then distin- 
guish the star from the nearer TWA stars, and other nearby 
PMS groups such as the r\ Cha and e Cha clusters, which 
are thought of as disperse d OSCA groups dMamaiek et alJ 
l2000UFeigerson et alJIiooll . (The nature of the TWA 19AB 
system is further discussed in Section 4.2.) 

Secondly, a cursory evaluation of the periods listed in 
Table indicates that these two groups of TWA stars may 
be rotationally distinct. For the TWA stars 'near' TW Hya 
(TWA 1-13) the group median is P » 4.7 d (range of 0.54 — 
8.33 d), whereas for the TWA stars lying 'beyond' HR 4796 
(TWA 14 — 19) the group median is only P ~ 0.7 d (range 
of 0.63 — 1.11 d). As the range of spectral types for the stars 
in both groups with rotation periods is similar, the TWA 
14 — 19 group will be expected to have higher rotational 
velocities than the TW Hya group. This is strongly indicated 
in Fig. El Indeed, TWA 15A, 15B, 17 and 18 (shown as open 
symbols in Fig. |5J straddle vsini ~ 30 kms -1 , whereas 



2 Of the several TWA members announced bv lSong et al.H2003l) . 
TWA 22 is claimed to have a distance of only 22 pc based on 
colour-magnitude diagram placement. 
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Figure 1. BVI light curves for (a) TWA 1 = TW Hya and (b) TWA 12; example light curves showing the temporal coverage of our 
survey. For TW Hya, short-lived unusually blue photometric excursions are indicated by the vertical bars that may be related to the 
veiling enhancements reported to occur on a ~ 4 d timescale (Alencar & Batalha 2002). The third bar near JD 2452041 is shown as a 
dashed line since this event, if it occurred, happened during the daytime. Photometric data for TW Hya not included in the light curve 
analysis are shown as open symbols; see Section 3.1 for discussion of the TW Hya light curve. 



within the TWA 1-13 group only TWA 6 has a higher 
vsmi velocity of 55 kms . 



Both spatial and rotational distinctions are summaried 
graphically in Fig.|H] where we plot the galactic distribution 
of TWA 1 — 19. This figure not only shows the location of 
the TWA stars, but the symbols for those stars with mea- 
sured rotation periods are coded into three coarse period 
bins. Most of the TWA stars near TW Hya are seen to have 
periods > 3 d, whereas two-thirds (4/6) of the stars with 
P < 1 d are associated with the TWA 14 — 19 group of 
stars. TWA stars without measured periods are denoted as 
crosses for stars in the TWA 1 — 13 group, or as pluses for 
stars in the TWA 14 - 19 group. 



Throughout the remainder of this paper, we proceed 
with the distinction between the two groups of TWA stars: 
those that appear to be located 'near' TW Hya (TWA 
1 — 13), and those that appear to be located 'beyond' HR 
4796 (TWA 14— 19). In the following subsections we discuss 
the light curves of the stars that we measured, and then in 
Section 4 we discuss further the results of the period anal- 
ysis. We also adopt, other than for TW Hya (= TWA 1), 
HR 4796 (= TWA 11A) and HD 102458 (= TWA 19A), the 
TWA number when discussing individual stars. The SIMBAD 
database provides a translation service from TWA num- 
ber to other catalogue designation s. Common names for the 
brighter TWA stars are listed bv lReidl fcOOSt . 




d.j i a ic- 

Ferlod (d) 

Figure 2. Rotation periods for TWA stars versus their pro- 
jected rotational velocity vsini. TWA stars in the TWA 14 — 19 
group are shown as open symbols. Stars with upper-limit values 
for v sini < 3 kms -1 are shown as triangles. The three relations 
are for a rotating M = 1 Mq, R = 1 Rq solid body seen at 
inclination angles i = 10°, 30° and 90°. Not all TWA stars with 
rotation periods have measured usini velocities, and vice versa. 



3.1 TWA stars located 'near' TW Hya 

Phased BVI light curves for TW Hya, TWA 6 and 12 are 
shown in Fig. 2] an d phased VI light curves for TWA 7, 
8AB, 9AB, 10 and 13AB are shown in Fig. 

For most of these T Tauri stars, the VI light curves 
appear to be reasonably regular over the 13-d observing 
window, indicative of amplitude modulation due to cool 
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Figure 4. Phased BVI light and colour curves for (a) TWA 1 = TW Hya, (b) TWA 6 and (c) TWA 12. For TW Hya, only the 
photometry obtained between JD 2452036 — 45 are phased, with the unusually blue photometric points that were removed from the 
periodic analysis shown as open symbols; see Section 3.1 for details. 
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starspots that are not evolving significantly during the 
course of the observations. With the exception of TW Hya, 
discussed below, these stars are WTT stars with low lev- 
els of optical emission and photospheric veiling, and no 
observed mass accretion observed from inner circumstel- 
lar d i sks that might influence the photometry IWebb et alJ 
Il999l: iMuzerolle etail l200(t lUchida et all 120041) . The reg- 
ularity of the WTT star light curves is particularly well- 
demonstrated in Fig. [I] where the light curves for TWA 6 
(Fig. Bt>) and TWA 12 (Fig. are phase- wrapped over 22 



and 4 cycles, respectively. Several stars, e.g. TWA 7 (Fig. 
[Hp) show poor /-band light curves owing to these stars of- 
ten being the brightest /-band source in the CCD field, and 
thus the local comparison stars in the CCD field used to de- 
fine the differential /-band magnitudes were under-exposed 
compared to the TWA star. A common feature of these light 
curves is that the ratio of the V- to /-band amplitudes is 
~ 2, therefore the (V — /) colour amplitude is about half 
the V-band light amplitude; the measured amplitudes for 
these stars are listed in Tabled A decrease in photometric 
amplitude with increasing wavelength is characteristic of the 
reduced contrast between the starspot s and the surrounding 
photosphere; see iBouvier et al] dl993t) . Most of these stars 
have V^-band amplitudes compa rable to that obser ved in 
the similarly- aged r\ Cha cluster llLawson et aLll^OOlT) . with 
peak-to-peak amplitudes of 0.1 — 0.2 magnitudes indicating 
~ 10 — 20 per cent differences in the V-band flux between the 
most- and least-spotted hemispheres of the star. The excep- 
tions are the large amplitude variations seen in TWA 6 and 
12 where the peak-to-peak amplitudes indicate flux differ- 
ences at the « 40 — 50 per cent level during the rotation cycle 
of these stars (an analogue in the r\ Cha cluster is RECX 10; 
see Lawson et al. 2001). The behaviour of the colour curves 
- a negligible (B — V) amplitude, but significant (V — I) 
amplitude - eliminates any prospect that the light curves 
are the result of an eclipsing binary system which would re- 
sult in near-grey vari ations. TWA 6 does not appear to be 
a binary according to lReidl i2003f) . while TWA 12 remains a 
candidate binary star based upon one discrepant ve l ocity (of 
only four measurements) obtained bv lTorres et al.l (|2003). 

The exception within the TWA 1 — 13 group of stars 
with measured rotation periods is TW Hya itself. The star 
is a CTT star with ongoing moderate levels of mass accre- 



6 W. A. Lawson & L. A. Crause 



tion from its circumstellar disk a t the level of M ~ 5 x 10~ 10 
Mq yr _1 iMuzerolle et al.ll2000h . The star shows a rich op- 
tical emission spectrum and strong blue and ultraviolet ex- 
cess emission owing to the mass accretion. All of these fac- 
tors might influence the light curve of the star. Of all the 
TWA stars that we measured for rotation periods, the light 
curve for TW Hya proved to be the most challenging to 
interpret. The light curve (see Figs and ^Ji) lacks the 
regularity seen in the WTT stars owing to rotational modu- 
lation likely driven by accretion hotspots rather the passage 
of cool slowly-evolving starspots. In addition to rotational 
variations, we appear to have resolved a second (pseudo-) 
periodic feature in the light curve. Compared to the general 
appearance of the B-band light curve, with low-amplitude 
2.80-d variations that we ascribe to rotation (see below), we 
detected three short-lived (timescale ~ 1 d) unusually blue 
excursions in the photometry at JD 2452033.4, 2452037.3 
and 2452044.4, respectively. The interspacing of these fea- 
tures suggest a characteristic timescale of ~ 3.7 — 4 d. If 
real, while the period is not strictly regular, another blue 
feature might have been expected near JD 2452040.9 which 
was during the daytime in South Africa. 

We wonder if this feature is related to the 4.4 ± 0.4 
d vari ations seen in the B-band veiling by iBatalha et alJ 
(2002), and in some Ha and H/3 line intensity a nd equiva- 
lent width datasets bv lAlencar fc Batalhal ([2002) . Although 
less visible in V- and /-band, these features have a major 
impact on the Fourier analysis of the light curves, and pre- 
vented identification of any statistically-significant period- 
icity. Reasoning that these features might not be related 
to stellar rotation, we removed the data points around the 
times of the blue features from the periodic analysis. We 
also considered only the continuous series of observations 
between JD 2452036 — 45, as few epochs then remained in 
the JD 2452032 — 33 interval. The remaining data points 
are shown as filled symbols in Fig. ^a) . Fourier analysis of 
these observations recovered the P = 2.80 d periodicity that 
we list in Table Q This period is visible in all the light and 
colour curves; see Fig. 0Ja) where we phase-plot the data 
obtained between JD 2452036 - 45. The low S/N ratio of 3 
for the detection of the 2.80-d period in the l/-band is evi- 
dence for the variations being caused by hotspots, resulting 
in irregular amplitudes. As we discussed in Section 2, peri- 
odicities of comparable value have been recovered in other 
datasets, in particular a 2.88 -d period found in the Hippar- 
cos light curve for TW Hya jKoen fc Evejl2002l) . The ratio 
of the 3.7-4.8 d period to the 2.8-2.9 d period is 1.5 ±0.2. 
We speculate that a 3:2 resonance exists between the ~ 2.8 
d rotational period of the star and the in-fall of accreted 
material on a ~ 4 d cycle, causing an enhancement of pho- 
tospheric veiling which drives the B-band photometry, and 
a strengthening of optical line emission. 

The photometric amplitude of TW Hya is near the av- 
erage of that seen in the other TWA stars we measured. 
This is in contrast to observations of other CT T stars that 
show h igh levels of optical variability; see, e.g. iBouvier et alJ 
(1993). The relatively low level of variability seen is likely 
a consequence of the near pole- on alignment of th e rota- 
tion axis of TW Hya, for which lAlencar fc Batalhal (12002ft 
derived an inclination i = 18 ± 10°. 
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Figure 5. Phased VI light and colour curves for (a) TWA 7, (b) 
TWA 8A, (c) TWA 8B, (d) TWA 9A, (e) TWA 9B, (f) TWA 10, 
(g) TWA 13A and (h) TWA13B. Note that for TWA 13A and 
13B the ordinate scale is decreased by a factor of 2 compared to 
the other stars. 
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Figure 6. Phased VI light and colour curves for (a) TWA 14, (b) TWA 15A, (c) TWA 15B, (d) TWA 17 and (e) TWA 18. 



3.2 TWA stars located 'beyond' HR 4796 

Phased VI light curves for TWA 14, 15AB, 17 and 18 are 
shown in Fig. ED Owing to the short periods of 0.63 — 1.11 
d detected in these stars and the number of observations 
made, the phased light curves appear well-filled with the 
photometry wrapped over 11 — 19 rotation cycles. All five 
stars showed regular light curves over the course of the ob- 
servations, as is expected for WTT stars with light curves 
rotationally modulated by cool starspots. 



4 DISCUSSION 

4.1 Statistical comparisons 

To assess the significance of the short rotation periods found 
for the TWA 14 — 19 group, we compared these periods to 
those obtained for the TWA 1 — 13 group associated with 
TW Hya, and also w ith the period s measured f or stars in 
the 77 Cha cluster bv lLawson et al.l (|200ll 12002^1 . The dis- 
tribution of rotation periods for these three groups of PMS 
stars is shown in Fig. |7| We performed a Mann- Whitney 
non-parametric test to statistically evaluate the differences 
betwen the three samples. This test makes no underlying as- 
sumptions concerning the distribution of the datasets, e.g. 
there is no assumption that samples are normally distributed 
with the same variances. In comparing pairs of samples, 
we found the probability V that the two groups have been 
drawn from the same parent population are for: (i) the TW 
Hya group compared to the r\ Cha group; V = 0.93, (ii) 
the TW Hya group compared to the TWA 14 — 19 group; 
V — 0.013, and (iii) the r\ Cha group compared to the TWA 
14 - 19 group; V = 0.0003. Thus at the w 2a level, the 
TW Hya group and the r\ Cha cluster stars show a similar 
distribution of rotation periods. This result is not surprising 
as both groups of stars are believed to be similarly aged at 
t — 8 — 10 Myr, and they are bo th outlying populations of 
the OSCA llMamaiek et alj l2000l. However, the comparison 
with the TWA 14 — 19 group of stars presents a very different 
result, with w 3<r (or greater) likelyhood that the periods of 
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Figure 7. Rotation period distributions for (a) TWA 1 — 13 group 
stars located 'near' TW Hya, (b) TWA 14 — 19 group stars located 
'beyond' HR 4796, and (c) rj Cha cluster members. 



these stars are not drawn from the same parent population 
as that for the TW Hya or r\ Cha groups. 



4.2 The distance to the TWA 14 - 19 group 

IZuckerman et all l l2001ab noted that the TWA 14-19 group 
of stars were 'somewhat fainter at optical and infrared wave- 
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lengths than previously known members of comparable spec- 
tral type'. Since most of the stars that we measured for rota- 
tion periods occupy a limited range of spectral types of K5 
- M2.5, with the single exception being the M5 star TWA 
8B, we quantified the difference in brightness by consider- 
ing the average 2MASS J-band flux for the stars in the two 
groups for which we measured rotation periods. (By only 
comparing the stars with rotation periods, we ensured we 
were dealing with the photometry of individual stars, not 
the merged photometry of binaries.) We chose the 2MASS 
survey as it provided a uniform source of photometry and 
J-band fluxes are a reasonable surrogate for stellar luminos- 
ity in this spectral range. For dwarf stars of spectral type 
K5 - M2.5, the bolometric correction required to correct J- 
band magnitudes into st ellar luminosities varies by only 0.15 
magni tudes; see fig. 5 of lLawson. Feieelson fc Huenemordej 

For the 10 stars in the TWA 1 — 13 group with rota- 
tion periods listed in Tabled excluding the M5 star TWA 
8B, we find J = 8.55 ± 0.06 (standard error; se). For the 5 
stars in the TWA 14 — 19 group listed in Table Q we find 
J = 9.92 ± 0.10 (se). If both groups are coeval and unred- 
dened, then a w 1.4 magnitude difference corresponds to the 
TWA 14 — 19 group being located 1.9x more-distant than 
the TWA 1-13 group. This places TWA 14 - 19 at an aver- 
age distance of m 105 pc, in comparison with the average of 
Hipparcos distances to TW Hya, TWA 4A, TWA 9 A and HR 
479 6 of d = 55 pc. A si milar result can be gleaned from table 
2 of ISong et alJ teOOSt) . who derived distances to the TWA 
stars from colour-magnitude diagram placement, assuming 
that the stars were coeval. Of course, if the two groups are 
not coeval then the above arguments need to be modified; a 
younger TWA 14 — 19 group would be more-distant owing 
to the higher luminosity of younger PMS stars, and accord- 
ingly an older less-luminous TWA 14 — 19 group would be 
located closer. However, the two groups cannot be codistant 
unless the TWA 14 - 19 stars, excluding HD 102458 with an 
astrometric distance, have an age of ~ 100 Myr. This can 
be ruled out owing t o the detection of largel y-undepleted 
lithium in these stars iZuckerman et al.ll20 01a). 

An average distance of w 105 pc to the TWA 14 — 19 
group is consistent with the Hipparcos distance to HD 
102458 of d = W4±\ 8 3 pc. However, H-R dia gram placement 
of HD 102458 and its compan ion TWA 1 9B, when compared 
to the PMS tracks of ISiess et alJ (2000), suggests that the 
two stars are not coeval 3 . For HD 102458, our derived age is 
~ 17 Myr, in agreement with values of 15 — 1 9 Myr derived 
using various PMS grids by iMamaiek et al ] J2002ft . TWA 
19B appears to have an age of only ~ 5 Myr. The appar- 
ent age discrepancy can only be explained if the stars are 



3 To locate HD 102458 in the H-R diagram, we converted Hip- 
parcos /Tycho Bf, Vt photometry to the Johns on/Cousins BV 
system using transformation equations given bv lMamaiek et alJ 
( 2002 ). We adopted a spe ctral type of G5 with no reddening from 
Zuckerman et allfeOOlaft . or F9 with A v = 0.3 nagnitudcs from 
Mamaiek et alJ |2002l) "For TWA 19B we adopted VI photometry 
holn ^ei^n2ro3l) . and a spectral type of K7 or MO with no red- 
dening. We then used the d warf bolometric correc t ion a nd tem- 
perature sequences given bv lKenvon fc H artmamj ^)95j ), which 
are appropriate for older PM S populations (Mamai ek et all2002l 
iLvo. Lawson fc Besselll2004h . 



unrelated or if TWA 19B has elevated luminosity, as the 
difference is too large to be explained by uncertainties in 
the PMS tracks and the reddening towards these stars is 
low. From proximity and kinematic arguments the two stars 
are clearly related; TWA 19B resides pb 37 arcsec east of HD 
102458 and they are comoving; HD 102458 has an Hipparcos 
proper motion of fi a , fj,$ = — 33.7± 1.1, —9.1 ± 1.1 masyr -1 
(se), whereas TWA 19B has a UCAC2 proper motion of /j, a , 
Us = —35.6 ± 4.8, —7.5 ± 4.6 masyr -1 (se). The apparent 
youthful age of TWA 19B can be reconciled with that of 
HD 102458 if it is an undocumented binary. Assuming that 
TWA 19B is a binary with equal luminosity components, 
they then have an age of « 15 Myr. Merging the above age 
estimates for HD 102458/TWA 19B, we adopt t = 17 ± 2 
Myr as the age of the system. 

An age of t » 17 Myr for the HD 102458 system is en- 
compassed within the distribution of ages derived from H-R 
diagram placement for LCC subgro up PMS stars and PM S 
candidates of 22 . 5 ± 7. 8 Myr ( 1 a) bvlMamaiek et alJ J2002I) , 
using the PMS grids of ISiess et ail feOOCh . Both HD 102458 
and TWA 19B have prop er motions cons i stent with LCC 
membership; see table 1 of lMamaiek et alJ J2002ft . The spa- 
tial location, age and proper motions of HD 102458/TWA 
19B together present a convincing case for a LCC subgroup 
origin for the HD 102458 binary. 

Other TWA 14—19 group members with UCAC2 proper 
motions similarly present a strong case for LCC subgroup 
membership 4 . TWA 14 is located near HD 102458 (see Fig. 

and has similar proper motions of p, a , us — —43.4 ± 2.6, 
— 7.0 ± 2.4 masyr -1 (se). TWA 18 has proper motions of 
Mai AM — — 29.0±5.2, — 21.2±5.2 masyr -1 ( se), comparable 
to LC C stars at a similar Right Ascension jMamaiek et alJ 
12002ft . 

If the age of the HD 102458 system reflects that of other 
stars in the TWA 14 — 19 group, then these stars are clearly 
not coeval with the TWA 1 — 13 group which has a derived 
age of only 8 — 10 Myr f r om H -R diagram placement; see 
e.g. fig. 3 of lWebb et aH dl999ft . The average photometric 
distance calculated above for the TWA 14 — 19 group would 
then reduce to d « 90 pc, which locates the group ~ 35 pc 
beyond stars in the TWA 1 — 13 group while still remaining 
consistent with the astrometric distance to HD 102458 and 
other members of the LCC subgroup. 



5 SUMMARY 

Our photometric study of 16 members of 12 TWA systems 
found that stars measured in the TWA 1 — 13 group led 
by TW Hya have a distribution of rotation periods (median 
period P = 4.7 d) that differs significantly from that mea- 
sured for stars in the TWA 14 — 19 group (median period 
P = 0.7 d). The two rotation period distributions cannot be 
reconciled at the 3-<r significance level; see Sections 3 and 
4.1 for details of the light curve analysis. Summarizing our 

4 TWA 16 has UCAC2 proper motions of /j, a , fj, s = -53.3 ± 
5.2, —19.0 ± 5.2 masyr - (se), d iscordant with LCC subgroup 
membership iMamaiek et all2002ft . However, TWA 16 is a binary 
with a separation of ps .67 arcsec and a brightness ratio ~ 0.9 
I Zuckerman et al l2001alV The UCAC2 catalogue does not resolve 
the components, and the proper motion is likely in error. 
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discussions presented in Section 4.2, the TWA 14 — 19 group 
likely resides at an average distance of « 90 pc, coincident 
with the Hipparcos distance to HD 102458 (= TWA 19A) 
of d ps 104 pc and the location of the near boundary of 
the LCC subgroup at d w 95 pc. HD 102458, TWA 14, 18 
and 19B also have proper motions consistent with the LCC 
subgroup. From the derived age of HD 102458, these stars 
might also be ~ 8 Myr older than the TW Hya group (~ 17 
Myr versus 8 — 10 Myr), compatible with the ages derived 
for LCC subgroup PM S stars and candidate members by 
iMamaiek et alJ J2002t) . 

The difference in the rotation period distributions of the 
two groups of TWA stars may be further evidence that the 
TWA 14 - 19 group have a greater age than the TWA 1-13 
group; these stars may have had an additional « 8 Myr 
to undergo rotational spin-up following dissipation of their 
circumstellar discs. The disc dispersal process in low mass 
PMS stars might even be accelerated within the environs 
of an OB-star association compared to that for a dispersed 
PMS group such as TWA 1 — 13, e.g. winds from resident 
O- and B-type stars or an aggressive dynamical environment 
within the association might prematurely disrupt their discs. 

We conclude that the two groups of TWA stars, TWA 
1 — 13 and TWA 14 — 19, are spatially- and rotationally- 
distinct populations of PMS stars that might also differ in 
age by a factor of ~ 2. The availability of rotation periods 
has been a useful tool to help distinguish these two popula- 
tions. We therefore do not consider that the stars denoted 
TWA 14 — 1 9 represent an extension o f the original TWA as 
proposed bv lZuckerman et alJ (l2001af) . Most likely they are 
representive of the population of low mass PMS stars still 
physically associated with the LCC subgroup of the OSCA. 
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